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Albatrosses and petrels (Procellariiformes) are migratory oceanic birds of considerable conservational
interest. Polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs) were assessed in the
subcutaneous fat, liver and muscle of 100 birds belonging to eight species of Procellariiformes collected
during their migration period in southern Brazil, one of the most important feeding areas for these spe-
cies. Although the proﬁles of PCBs and OCPs were similar among the individuals, with predominance of
penta, hexa and heptachlorobiphenyls and p0p-DDE, organochlorine concentrations exhibited a high
degree of intra-species variability. The inﬂuence of body condition during the migration period in the dis-
tribution of organochlorine contaminants was also evaluated, showing that it is a signiﬁcant factor in the
variation and redistribution of these compounds in the tissues of these birds. The intense use of lipid
reserves associated to the contamination from organochlorine compounds could be a troubling factor
for seabirds with extended breeding periods and that spend most of their lives at sea migrating long dis-
tances, such as most of Procellariiformes. Studies on contamination are necessary to improve the knowl-
edge of the threats to these birds and their populations as well as to contribute with information about
persistent organic pollutants in the South Atlantic marine environment.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Persistent organic pollutants (POPs), as polychlorinated biphe-
nyls (PCBs) and organochlorine pesticides (OCPs), are synthetic
compounds with great chemical stability and are commonly found
in aquatic and terrestrial organisms (Jones and Voogt, 1999). Some
of these pollutants are highly toxic and have a large variety of
chronic effects, including endocrine dysfunction, mutagenesis and
carcinogenesis (Tanabe, 2002).
PCBs and OCPs are hydrophobic and have considerable accumu-
lation potential in organisms and magniﬁcation in the food chain
(Jones and Voogt, 1999). Both classes of compounds are among
the most studied contaminants, due mainly to their harmful bio-
logical effects (Gilbertson and Hale, 1974).
A number of studies carried out in North America and Europe
have related reductions in breeding success and the decline of di-
verse species of birds to the exposure to organochlorine compounds
(OCs) (Stickel et al., 1984; Pearce et al., 1989). However, most stud-
ies on these compounds in birds are carried out in terrestrial or
coastal areas, whereas data on the contamination of pelagic and
migratory birds, such as albatrosses and petrels (Procellariiformes)
are scarce (Jones et al., 1996; Auman et al., 1997).: +55 11 30916610.
uono).
er OA license.Procellariiformes play an important role in the marine ecosys-
tem due to the large abundance of species and individuals (Prince
and Morgan, 1987). In Brazil, approximately 40 species of Procel-
lariiformes (34% of albatross and petrel species of the entire world)
migrate to coastal and oceanic waters in the southern and south-
eastern regions of the country, which contain the main feeding
grounds for these birds (Neves et al., 2006; CBRO, 2010).
Human activities, such as ﬁshing, pollution, habitat destruction
and the introduction of invasive species in breeding colonies, have
led to a decline in many populations of Procellariiformes around
the world (Croxall and Gales, 1998). In recent decades, a number
of countries that have important breeding and feeding grounds
for Procellariiformes have demonstrated interest in the conserva-
tion of these birds and have invested in research and measures de-
signed to reduce the mortality of albatrosses and petrels caused by
human actions (Cooper et al., 2006).
The toxic effects of pollutants such as OCs may manifest during
activities that require high energy expenditure, such as migration
and breeding, due to the mobilization of lipids and subsequent
redistribution of pollutants in the tissues (Tanaka et al., 1986). Thus,
contamination from OCs could be one of the different factors that
affect populations of Procellariiformes, causing an increase in mor-
tality and a reduction in the reproductive success of many species.
The aim of the present study was to assess the distribution and
concentration of PCBs and OCPs in eight species of Procellariiformes
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Ocean.We also compare theOCs concentrations among three differ-
ent tissues, evaluating the body condition inﬂuence in the distribu-
tion of these compounds.2. Materials and methods
2.1. Sampling
One hundred birds belonging to eight species of Procellariifor-
mes (ﬁve Wandering Albatrosses Diomedea exulans, ﬁve Tristan
AlbatrossesDiomedea dabbenena, 33 Black-browed Albatrosses Tha-
lassarche melanophris, 11 Yellow-nosed Albatrosses Thalassarche
chlororhynchos, 33 White-chinned Petrels Procellaria aequinoctialis,
three Spectacled Petrels Procellaria conspicillata, four Manx Shear-
waters Pufﬁnus pufﬁnus and six Great Shearwaters Pufﬁnus gravis)
were collected in southern Brazil between 2006 and 2008. The birds
had either been incidentally caught by pelagic longline ﬁsheries
(n = 86) (27150S; 51910W) or found washed ashore on the coast
of the state of Rio Grande do Sul (n = 14) (29S–33W). Only speci-
mens in a good state of conservation were collected. Samples of
subcutaneous fat, liver and muscle were collected from each bird,
wrapped in aluminum foil and immediately frozen at 20 C. All
the birds found washed ashore were in very poor body condition,
with very little subcutaneous fat; thus, fat samples were not col-
lected from some individuals.2.2. Chemical analyses
The analytical procedure followed that described by MacLeod
et al. (1986) with minor modiﬁcations. Brieﬂy, the wet tissue
(0.25 g for fat and liver; 2.5 g for muscle) was extracted, after the
addition of 10–15 g of anhydrous Na2SO4, in Soxhlet apparatus for
8 h using 80 mL of n-hexane and methylene chloride (1:1, v/v). Be-
fore extraction, 2,20,4,50,6-pentachlorobiphenyl (PCB 103) and
2,20,3,30,4,5,50,6-octachlorobiphenyl (PCB 198) were added to all
samples, blanks and reference material as surrogates for OCPs and
PCBs. After determination of extractable lipids by gravimetric anal-
ysis in an aliquot, the extracts were cleaned up by using column
chromatographywith8 gof silica and16 gof alumina, both5%water
deactivated, eluted with 100 mL of methylene chloride. To remove
excess of lipids, the fraction was further puriﬁed by high-perfor-
mance liquid chromatography (HPLC), using methylene chloride as
eluent with a ﬂow of 5 mL min1. Finally the extract was concen-
trated to a volume of 0.9 mL in hexane. The internal standard
2,4,5,6-tetrachlorometaxylene (TCMX), was added before gas chro-
matographic analysis. A procedural blank was run for every set of
eight samples.
Organochlorine pesticides identiﬁcation and quantiﬁcation
analyses were performed with an Agilent Technologies 6890N
gas chromatograph with an electron capture detector (GC-ECD)
using a 30 m  0.25 mm i.d. capillary column coated with 5% phe-
nyl-substituted dimethylpolysiloxane phase (0.5 lm ﬁlm thick-
ness). Automatic splitless injections of 2 lL were applied and the
total purge rate adjusted to 50 mL min1. Hydrogen was used as
the carrier gas (constant pressure of 40 kPa at 100 C), while nitro-
gen was the make up gas at a rate of 60 mL min1. Injector and
detector temperatures were 280 C and 320 C, respectively. Oven
temperature was programmed as follows: 70 C for 1 min, raised
at 40 C min1–170 C, then raised at 1.5 C min1–230 C (held
for 1 min), and at 30 C min1–300 C with a ﬁnal hold of 5 min.
PCBswere quantitatively analyzed by a 5973NAgilent Technolo-
gies gas chromatograph coupled to amass spectrometer (GC–MS) in
a selected ion mode (SIM 70 eV), using a 30 m  0.25 mm i.d. capil-
lary column coated with 5% phenyl-substituted dimethylpolysilox-ane phase (0.25 lmﬁlm thickness). The volume injectedwas 1 lL in
automatic splitless mode. Helio was used as the carrier gas
(constant ﬂow of 1.1 mL min1). The interface, source and quadru-
pole temperatures were 280 C, 300 C and 200 C, respectively.
Oven temperature was programmed as follows: 75 C for 3 min,
raised at 15 C min1–150 C, then raised at 2.0 C min1–260 C
and at 20 C min1–300 C with a ﬁnal hold of 10 min.
For the quality assurance/quality control (QA/QC) the analytical
methodology was validated using a standard reference (SRM 1945
– organics in whale blubber) purchased from the National Institute
of Standards and Technology, USA. SRM 1945, which was analyzed
in duplicate and average recovery of analytes was inside the range
accepted by NS&T (Wade and Cantillo, 1994). Also, the recovery of
analytes in spiked blanks and matrices produced satisfactory re-
sults (67–115%). Analytes in laboratory blanks were subtracted
from the samples. Method quantiﬁcation limits (QL) ranged from
<1.0 ng g1 to 8.5 ng g1 wet weight (ww). Quantiﬁcation of ana-
lytes was performed using a nine-level analytical curve and fol-
lowed the internal standard procedure. Surrogate recoveries were
acceptable and presented mean ± standard deviation = 97 ± 7.
Concentration of organochlorines was expressed on a wet
weight basis. The OCPs analyzed in this study were DDTs (o,p0-
DDT, p,p0-DDT, o,p0-DDD, p,p0-DDD, o,p0-DDE and p,p0-DDE), HCHs
(a, b-, d- and c-isomer), chlordanes (a-, c-chlordane, oxychlor-
dane), drins (aldrin, isodrin, dieldrin, endrin), heptachlor, hepta-
chlor epoxide A and B, endosulfan I and II, methoxychlor, HCB
and mirex. In addition, a suite of 51 PCBs was also investigated
including the following IUPAC numbers: 8, 18, 28, 31, 33, 44, 49,
52, 56, 60, 66, 70, 74, 77, 81, 87, 95, 97, 99, 101, 105, 110, 114,
118, 123, 126, 128, 132, 138, 141, 149, 151, 153, 156, 157, 158,
167, 169, 170, 174, 177, 180, 183, 187, 189, 194, 195, 199, 203,
206 and 209.2.3. Statistical analyses
The Spearman Rank Correlation Coefﬁcient (rs) was applied to
test for correlations in OCs concentrations among tissues (fat, liver
and muscle) for each compound group. The Kruskal–Wallis (KW)
non-parametric test was applied to check for differences in the
OCs concentrations in tissues between beached birds and birds
caught in longline. Compounds in which 30% of samples presented
concentrations lower than QL were not statistically analyzed. All
analyses were performed by Statistica 9.1 (Statsoft, Inc., 2010) with
signiﬁcance level at 5% (p < 0.05).3. Results and discussion
Organochlorine contaminants were found in 100% of the speci-
mens analyzed. PCBs and DDTs had the highest concentrations in
the tissues of each of the eight species of Procellariiformes studied
(Tables1and2). These compoundsarehighlypersistent andconcen-
trations among different organs and tissues are directly related
when those contaminants reach the equilibrium in the organism
(Matthews and Dedrick, 1984). In this study, PCBs and DDTs were
the only group of compounds that presented strong correlations
among concentrations in fat, liver and muscle (rs = 0.6–0.9;
p < 0.05) while the other OCs presented poor andmoderate correla-
tions (rs < 0.6; p < 0.05). The distribution and predominance of PCBs
and DDTs in tissues were probably related to this high persistence
and to differences in the metabolism and elimination of these com-
pounds compared to other OCs (Guruge et al., 2001a,b).
The OCs concentrations in the tissues were highly variable, with
differences of up to three orders of magnitude. This variability may
be related to different factors, such as age of the individual, diet,
distribution and migration.
Table 1
Range of PCBs and organochlorine pesticides concentrations (ng g1 wet weight) found in tissues of four species of petrels;
P
PCBs = sum of 51 congeners,
P
DDTs = sum of p,p0-DDT, o,p0-DDT, p,p0-DDE, o,p0-DDE, p,p0- DDD and o,p0- DDD,
P
HCH = sum of a-, b- and c-isomer,
P
Chlordanes = sum of c-, a-chlordane and oxychlordane,
P
Drins = sum of aldrin, endrin, isodrin and dieldrin,
P
Endosulfan = endosulfan I and II.
P
PCBs
P
DDTs
P
HCHs
P
Chlordanes
P
Drins
P
Endosulfan HCB Methoxychlor Mirex Lipids (mg g1) Dry weight (mg g1)
Manx Shearwater
Fat (n = 2) 910–3.063 201–665 <1.02 12.9–98.9 36.7–456 <3.81 <1.27–99.1 <1.81 <5.83–68.9 281–403 –
Liver (n = 4) 42.5–6.441 9.00–1 011 <1.02 <2.79 9.25–129 <3.81 2.74–58.1 <1.81 <5.83–75.3 24.4–86.7 250–400
Muscle (n = 4) 54.9–522 9.15–99.7 <1.02 <2.79 4.50–20.2 <3.81 1.41–5.86 <1.81 <5.83–9.35 2.53–34.1 220–280
Great Shearwater
Fat (n = 6) 620–8.032 470–2.520 <1.02–5.38 34.7–763 49.2–417 <3.81 9.96–76.5 <1.81 <5.83–174 44.0–710 –
Liver (n = 6) 291–8.331 91.6–1.557 <1.02–24.0 20.5–455 3.30–251 <3.81 3.05–93.6 <1.81 <5.83–281 21.3–45.3 210–290
Muscle (n = 6) 88.4–371 2.70–81.2 <1.02 <2.79–6.95 <1.24–11.9 <3.81 <1.27–7.83 <1.81 <5.83–20.7 2.40–19.6 200–280
White-chinned Petrel
Fat (n = 32) 28.0–10.888 92.1–4.023 <1.02–4.95 <2.79–148 <1.24–195 <3.81 6.85–373 <1.81 45.5–1.162 32.0–908 –
Liver (n = 33) <1.67–24.687 1.96–1.367 <1.02–13.2 <2.79–898 <1.24–45.6 <3.81 <1.27–40.5 <1.81 <5.83–330 16.0–127 230–360
Muscle (n = 33) <1.67–6.793 5.22–537 <1.02 <2.79–184 <1.24–6.71 <3.81 <1.27–18.7 <1.81 <5.83–63.2 2.00–69.7 220–340
Spectacled Petrel
Fat (n = 3) 126–4.846 276–8.136 <1.02–6.25 <2.79–173 <1.24–78.6 <3.81 16.4–222 <1.81 90.4–2.715 484–756 –
Liver (n = 3) 119–2.724 129–6.611 <1.02 <2.79–121 <1.24–65.9 <3.81 10.7–185 <1.81 45.2–1.705 28.0–104 290–300
Muscle (n = 3) 114–165 223–413 <1.02 <2.79–7.30 <1.24–5.64 <3.81 10.7–16.4 <1.81 62.6–75.9 36.4–50.8 240–320
Table 2
Range of PCBs and organochlorine pesticides concentrations (ng g1 wet weight) found in tissues of four species of albatrosses;
P
PCBs = sum of 51 congeners,
P
DDTs = sum of p,p0-DDT, o,p0-DDT, p,p0-DDE, o,p0-DDE, p,p0- DDD and o,p0-
DDD,
P
HCH = sum of a-, b- and c-isomer,
P
Chlordanes = sum of c-, a-chlordane and oxychlordane,
P
Drins = sum of aldrin, endrin, isodrin and dieldrin,
P
Endosulfan = endosulfan I and II.
P
PCBs
P
DDTs
P
HCHs
P
Chlordanes
P
Drins
P
Endosulfan HCB Methoxychlor Mirex Lipids (mg g1) Dry weight (mg g1)
Black-browed Albatross
Fat (n = 32) 27.6–5.503 28.3–1.353 <1.02–2.59 <2.79–69.2 <1.24–179 <3.81 10.5–177 <1.81 <5.83–283 333–932 –
Liver (n = 33) <1.67–503 <1.89–73.9 <1.02–9.20 <2.79–151 <1.24–5.54 <3.81 <1.27–41.2 <1.81 <5.83–82.6 17.3–121 190–420
Muscle (n = 33) <1.67–87.4 <1.89–35.7 <1.02 <2.79–21.0 <1.24–2.67 <3.81 1.84–10.1 <1.81 <5.83–7.41 6.00–69.3 280–350
Yellow-nosed Albatross
Fat (n = 11) 605–14.828 85.3–3.573 <1.02 <2.79–86.7 <1.24–84.0 <3.81 <1.27–95.2 <1.81 <5.83–835 316–811 –
Liver (n = 10) 18.9–924 <1.89–237 <1.02 <2.79–183 <1.24–30.4 <3.81 <1.27–108 <1.81 <5.83–57.5 28.0–84.0 300–420
Muscle (n = 10) <1.67–406 6.24–41.9 <1.02 <2.79 <1.24–2.49 <3.81 <1.27–9.29 <1.81 <5.83–22.4 2.40–92.8 190–360
Wandering Albatross
Fat (n = 3) 327–14.771 486–8.516 <1.02 33.0–503 27.1–944 <3.81 180–710 <1.81 28.3–2.958 648–764 –
Liver (n = 5) <1.67–1.265 14.4–588 <1.02 <2.79–174 <1.24–9.02 <3.81 <1.27–97.9 <1.81 <5.83–232 28.0–128 300–350
Muscle (n = 5) 9.82–930 20.2–622 <1.02 <2.79–39.8 <1.24–8.78 <3.81 <1.27–58.0 <1.81 5.79–242 15.6–68.0 260–340
Tristan Albatross
Fat (n = 4) 2.483–4.615 2.261–7.057 <1.02 91.2–205 23.2–55.9 <3.81 80.8–369 <1.81 436–2.952 516–784 –
Liver (n = 5) 80.9–654 95.6–1.465 <1.02–9.88 <2.79–225 <1.24–17.5 <3.81 3.75–71.6 <1.81 18.5–336 28.0–48.0 290–340
Muscle (n = 5) <1.67–478 202–971 <1.02 <2.79–18.0 2.60–5.57 <3.81 9.95–26.7 <1.81 16.8–120 25.6–57.6 300–320
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to have higher concentrations of these contaminants (Warham,
1996). Although it was not possible to determine the age or stage
of maturity of the individuals, petrels are known to live for more
than 30 yr (Jouventin et al., 2003), while albatrosses can reach
about 50 or 60 yr old depending on the species (Robertson,
1993). Also, the mean age at ﬁrst breeding vary among species,
e.g. 6 yr to Manx Shearwater and 10 yr to Wandering Albatross
(Weimerskirch, 1992; Brooke, 2004). Birds with high longevity
and delayed sexual maturity, as many species of Procellariiformes,
can present high variability of OCs concentrations, even among
birds of the same stage of maturity.
Diet plays an important role in the exposure of persistent pollu-
tants, such as OCs (Elliot, 2005). During the non-breeding season,
the diet of the eight species is mainly composed of cephalopods
and ﬁsh (Colabuono, 2009). However, these birds are often found
associated to ﬁshing vessels and obtain food in an opportunistic
manner, feeding on discards, which may represent a signiﬁcant
variation in their diet (Bugoni et al., 2010).
Migratory birds may acquire contaminants from different geo-
graphical regions and thereby reﬂect contamination from both
their breeding and migration areas (Tanaka et al., 1986). Alba-
trosses and petrels travel thousands of kilometers every year and
spend most of their lifecycle on oceanic waters, stopping on land
only for breeding (Warham, 1996). This considerable capacity for
long-distance travel and the wide distribution of these birds may
be causes of the variation in the concentrations of OCs.
The body condition of a bird is an important factor inﬂuencing
the distribution of these compounds in the tissues. In periods that
require the intensive use of energy reserves, subcutaneous fat tis-
sue is metabolized. Lipophilic pollutants, such as OCs, are then
mobilized and distributed through the blood stream, which can re-
sult in an increase in the concentration of these contaminants in
organs with high metabolic activity, such as the liver (Malcolm
et al., 2003).
In the present study, the specimens were separated into two
groups: those collected from the longline ﬁshery, which were in
good condition, with abundant subcutaneous and abdominal fat
tissue; and those found dead on the beach, with signs of starvation
such as the depletion of fat reserves. An indication of these differ-
ences in body conditions is the mean amount of extractable lipids
from fat tissue of the birds found dead on the beach was
193 mg g1 (r = 121 mg g1), which is threefold lower than that
found in the birds caught incidentally on longlines (547 mg g1;
r = 165 mg g1).
PCBs and DDTs wet weight concentrations (the most represen-
tative OCs) were compared statistically in order to determine
whether these compounds were distributed in the same manner
in the tissues analyzed from the specimens collected from the
beach and those caught on longlines. In the latter group, PCBs
and DDTs concentrations in the fat tissue were signiﬁcantly higher
than those found in the liver and muscle tissue (KW = 120.09–
132.26; p < 0.05). On the other hand, 60–70% of the specimens
found dead on the beach had higher DDTs and PCBs concentrations
in the liver than in the fat tissue, although the difference in the
concentrations of OCs between these two tissues did not achieve
statistical signiﬁcance (KW = 12.34–22.13; p > 0.05). These ﬁndings
suggest a tendency toward an increase in the concentration of
these compounds in the liver and muscle of birds with poor body
condition. This may also be attributed to the mobilization and
redistribution of OCs in birds undergoing a rapid, accentuated
depletion of fat reserves, leading to an increase in the concentra-
tion of these pollutants in the other organs and tissues, with no sig-
niﬁcant inﬂuence over the wet weight concentrations in the fat
tissue, as reported for other species of birds (e.g. Henriksen et al.,
1996; Malcolm et al., 2003).The distribution of OCs in tissues depends on factors such as
volume, afﬁnity and perfusion rate of the tissue in question (Mat-
thews and Dedrick, 1984). Moreover, the concentration of these
compounds is inﬂuenced by the body condition of the bird at the
time of collection (as seen in the present study) and the analysis
of different tissues may generate different ﬁndings regarding con-
tamination in birds. Thus, one must take the body condition of the
specimen into account when choosing what tissues to analyze.3.1. Polychlorinated biphenyls
The highest concentrations of PCBs were found in one specimen
of White-chinned Petrel (fat tissue = 24 687 ng g1, liver = 10
888 ng g1) (Table 1). However, these values represent isolated
cases, as most of the birds presented PCBs concentrations one or
two orders of magnitude lower. Due the considerable variability
in concentrations and the limited number of samples organochlo-
rine contamination patterns are generally not well deﬁned (Hen-
riksen et al., 1996).
In general, Black-browed Albatrosses presented the lowest PCBs
concentrations. This may be associated to maturity of the speci-
mens once 97% (n = 32) were juveniles and the bioaccumulation
is directly correlated with age of the bird (Warham, 1996). Guruge
et al. (2001a) found PCBs concentrations in fat tissue of Black-bro-
wed Albatrosses and Yellow-nosed Albatrosses two to six times
lower, respectively, than those found in this study for the same
species. However, the wintering area of the birds analyzed in this
study is South America and belonging to distinct populations than
those analyzed by Guruge et al. (2001a), in South Paciﬁc. Thus, it is
important to be cautious when comparing data from populations
with different occurrence areas though they belong to the same
species (Gales, 1998; Brooke, 2004).
Wandering and Tristan Albatrosses presented PCBs concentra-
tions in fat tissue about ten times lower than that found in birds
from north hemisphere, like Black-footed Albatross (Diomedea
nigripes) (36000–180000 ng g1 ww) and Laysan Albatross (Diom-
edea immutabilis) (9800–36000 ng g1 ww) (Guruge et al.,
2001a,b). On the other hand, PCBs concentrations in liver of
Black-footed and Laysan Albatrosses reported by Elliot (2005) were
very similar than those found in liver of Wandering and Tristan
Albatrosses in this study.
Few studies on organochlorine contamination have been carried
out on petrels of the genus Pufﬁnus (e.g. Tanaka et al., 1986; Ryan
et al., 1988). In the present study, PCBs concentrations in some
specimens of Great Shearwaters were much higher than those
found in the fat tissue of adult females collected from Gough Island
(Ryan et al., 1988). In a review on persistent organic pollutants in
piscivorous birds, Walker (1990) reports PCBs concentrations rang-
ing from 930 to 1 800 ng g1 (ww) in the muscle tissue of speci-
mens of Manx Shearwaters from the Strait of Gibraltar. Similar
concentrations were found in the muscle tissue of the same species
in the present study (Table 1).
Unlike Manx and Great Shearwaters, which are transequatorial
migrants, the distribution of White-chinned and Spectacled Petrels
is restricted to the southern hemisphere (Harrison, 1983).
Although there are no previous data published on PCBs contamina-
tion in these two species, a number of studies report PCBs concen-
trations in the tissues of other species of petrels that winter in the
South Atlantic, such as Cape Petrel Daption capense, Southern Ful-
mar Fulmarus glacialoides (Norheim et al., 1982) and Southern
Giant Petrel Macronectes giganteus (Kim et al., 2010), among which
only Southern Giant Petrel exhibited PCBs concentrations in the li-
ver and muscle tissue as high as those found in White-chinned Pet-
rel in the present study. Although these two species have similar
distribution, Southern Giant Petrel occupies a higher position in
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and cephalopods (Hunter, 1983).
Most birds are able to transform and eliminate PCB congeners of
low molecular weight, which results in the accumulation of a sim-
ilar group of compounds with a greater number of chlorines and
speciﬁc structural characteristics (Maervoet et al., 2004). The bio-
transformation of PCB congeners by cytochrome P450 depends on
the presence or absence of adjacent hydrogen atoms in the ortho-
meta andmeta-para positions in themolecule as well as the number
of chlorine atoms in the ortho position. PCBs 153 and 180 have two
substitutions in the ortho position, which, together with the ab-
sence of adjacent hydrogen atoms in the ortho-meta andmeta-para
positions, makes them less susceptible to the action of enzymes
(Borlakoglu et al., 1990). Therefore, these molecules are considered
extremely persistent (UNEP, 2002). PCBs 99, 118, 138 and 170 have
at least one substitution in the ortho position and have adjacent
hydrogen atoms only in the ortho-meta position, whichmakes them
able to bioaccumulation as well (Borlakoglu et al., 1990).
As reported for a number of bird species (e.g. Borlakoglu et al.,
1990; Guruge et al., 2001a), the PCBs found in albatrosses and pet-
rels in the present study were represented mainly by pentachloro-
biphenyls (congeners 99 and 118), hexachlorobiphenyls (congeners
153 and 138) and heptachlorobiphenyls (congeners 180 and 170),
with a clear predominance of the latter two groups (Figs. 1 and 2).
Octa-, nona- and decachlorobiphenyls make up less than 1% of
most commercial blends, with the exception of Aroclor 1260, which
is 7% octachlorobiphenyls and 1% nonachlorobiphenyls (Ceccarini
and Giannarelli, 2006). Although PCBs with a high degree of chlori-
nation are consideredpersistent in the environment, congeners con-
taining8–10 chlorine atomsdonotmakeuppart of the predominant
PCBs found in the birds analyzed, which is likely related to the low
availability of these congeners in the environment.
3.2. Organochlorine pesticides
DDTs predominated among the OCPs found in the eight species
studied (Tables 1 and 2). The predominant compound in these
groups was p,p0-DDE (Figs. 3 and 4), which is a product of the bio-
transformation of p,p0-DDT and is often found in bird tissues and
eggs due to its high degree of chemical stability and persistence
in the environment (Ohlendorf et al., 1978). The highest concentra-
tion of p,p0-DDE (8516 ng g1 ww) was found in the fat tissue of0%
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Fig. 1. Relative mean contribution of PCB homologs from 2 to 10 chlorine atoms found
Shearwater and Great Shearwater.Wandering Albatross. Lower levels of this compound (but found
in the eggs of other bird species) have been found to have harmful
effects on the formation of the egg shell (Elliot and Harris, 2001).
Despite DDTs having been banned few decades ago, high concen-
trations of p,p0-DDE were found in top predators due to bioconcen-
tration and bioaccumulation potential of this compound (Jones and
Voogt, 1999).
Animals are capable of rapidly transforming aldrin into dieldrin,
which is more resistant to biodegradation than its precursor (WHO,
1991). This is likely the reason why dieldrin was the predominant
compound in the tissues and aldrin was not detected in any of the
specimens analyzed. Endrin is an isomer of dieldrin, but may be
metabolized by animals andhas a lowdegree of accumulation in lip-
ids (WHO, 1991). This compound was found in all specimens of
Manx and Great Shearwaters, Wandering and Tristan Albatrosses,
in 82% of Yellow-nosed Albatrosses, in 97% of Black-browed Alba-
trosses, and only in 18% of White-chinned Petrel and in none of
the specimens of Spectacled Petrel, which suggests differences in
the exposure to or metabolism of this compound. Aldrin, dieldrin
and endrin are highly toxic to aquatic organisms (Koeman, 1973;
Bourne, 1976).
HCHs were only found in a small number of individuals. These
compounds have high eliminations rates and are considered less
persistent in marine birds than other OCPs such as DDTs (Moisey
et al., 2001).
Oxychlordane (oxidized form of chlordane isomers) is more per-
sistent in the environment than other chlordanes (Wells et al.,
1994). This compound was the most representative of the group,
occurring in 92% of the specimens. The greater accumulation of
oxychlordane over other chlordanes has been reported for a num-
ber of bird species, suggesting that these animals have a high capac-
ity for biotransforming the latter into the former (Aono et al., 1997;
Guruge et al., 2001b).
HCB is a relatively volatile compound and can be transported
long distances (Calamari et al., 1991; Aono et al., 1997). Due to
the global distillation effect, HCB reaches to the coldest regions
of the planet (Simonich and Hites, 1995) and higher concentrations
of this compound are commonly found in species restricted to the
Antarctic region than those that live in temperate regions (Van den
Brink, 1997). HCB concentrations in the majority of the specimens
studied were lower than those found in other species of birds in
the Antarctic region (Taniguchi et al., 2009), with exception of0%
10%
20%
30%
40%
50%
60%
70%
2Cl 3Cl 4Cl 5Cl 6Cl 7Cl 8Cl 9Cl 10Cl
C
on
tr
ib
ut
io
n
Chlorination number
Spectacled Petrel
Fat
Liver
Muscle
0%
10%
20%
30%
40%
50%
60%
70%
2Cl 3Cl 4Cl 5Cl 6Cl 7Cl 8Cl 9Cl 10Cl
C
on
tr
ib
ut
io
n
Chlorination number
Great Shearwater
Fat
Liver
Muscle
in fat, liver and muscle tissue in the White-chinned Petrel, Spectacled Petrel, Manx
0%
10%
20%
30%
40%
50%
60%
70%
0%
10%
20%
30%
40%
50%
60%
70%
0%
10%
20%
30%
40%
50%
60%
70%
0%
10%
20%
30%
40%
50%
60%
70%
2Cl 3Cl 4Cl 5Cl 6Cl 7Cl 8Cl 9Cl 10Cl
C
on
tr
ib
ut
io
n
Chlorination number
Black-browed Albatross
Fat
Liver
Muscle
2Cl 3Cl 4Cl 5Cl 6Cl 7Cl 8Cl 9Cl 10Cl
C
on
tr
ib
ut
io
n
Chlorination number
Yellow-nosed Albatross
Fat
Liver
Muscle
2Cl 3Cl 4Cl 5Cl 6Cl 7Cl 8Cl 9Cl 10Cl
C
on
tr
ib
ut
io
n
Chlorination number
Wandering Albatross Fat
Liver
Muscle
2Cl 3Cl 4Cl 5Cl 6Cl 7Cl 8Cl 9Cl 10Cl
C
on
tr
ib
ut
io
n
Chlorination number
Tristan Albatross
Fat
Liver
Muscle
Fig. 2. Relative mean contribution of PCB homologs from 2 to 10 chlorine atoms found in fat, liver and muscle tissue in the Wandering Albatross, Tristan Albatross, Black-
browed Albatross and Yellow-nosed Albatross.
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Fig. 3. Relative mean contribution of DDTs found in fat, liver and muscle tissue of the White-chinned Petrel, Spectacled Petrel, Manx Shearwater and Great Shearwater.
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southern latitudes (Brooke, 2004) could be associated to these
higher levels of HCB.
Mirex is a compound with 12 chlorines in its molecule, which is
higher than the number found in other compounds, such as HCB
and HCH, and may explain its persistence in organisms. Possibly
due to this persistence, mirex occurred in all tissues in the eight
species of birds, with predominance in White-chinned and Specta-
cled Petrels and Wandering and Tristan Albatrosses. This com-
pound has also been found in the fat tissue of Cape Petrels and
Southern Fulmar collected from the Antarctic region (Van den
Brink and Ruiter-Dijkman, 1997).
Methoxychlor and endosulfan were not detected in any of the
specimens. Some animals are capable of quickly metabolizing
methoxychlor in the liver (Kapoor et al., 1970). Endosulfan is a rela-tively water-soluble compound and tends not to accumulate in tis-
sues (WHO, 1984). The absence of these compounds may be
explained one of two hypotheses: the non-assimilation of these
compounds by the birds or their rapid biotransformation in the
organism.4. Conclusions
This study is the ﬁrst to report OCs concentrations in tissues of
albatrosses and petrels collected during their migratory period in
southern Brazil. Although the eight species studied have different
distribution and breeding areas, was not possible to identify con-
tamination patterns to these birds, once OCs concentrations
showed a considerable individual variability. This variability may
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Albatross.
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age, a non-speciﬁc diet and the body condition which can affect
the distribution of these compounds among the different organs
and tissues. Lipid reserves are extremely important to the achieve-
ment of high energy cost activities to seabirds, mainly those with
extended reproductive periods and that spend most of their lives
at sea migrating long distances, such as Procellariiformes. The pro-
cess of maintenance and utilization of lipid reserves during the life
cycle of the bird imply in a frequent redistribution of OCs in the
organism, when the negative effects of these contaminants may
be manifested.
Studies on contamination from persistent organic pollutants in
different species of Procellariiformes during migration and breed-
ing seasons should be carried out in order to gain a better under-
standing of the behavior and consequences of such
contamination during these biological activities. Moreover, the
use of techniques (e.g. ringing, stable isotopes, etc.) that can help
at least partially to explain the high degree of variability in the con-
centrations of OCs between individuals would be of considerable
importance to the assessment of this contamination.Acknowledgements
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